Whereas the nuclear spin-lattice relaxation mechanisms in nematic liquid crystals have been the subject of many investigations [l-61, very little is known about the nature of the spin-lattice relaxation process in smectic systems [3] . In this letter we report what we believe to be the first extended measurements of the Larmor frequency dependence of the proton spin-lattice relaxation time TI in the smectic A, smectic C, smectic B,(H) and smectic VII phases [7] . The system investigated was terephtal-bis-butyIaniline (TBBA). The results show that collective order fluctuations dominate the spin-lattice relaxation process in the smectic A phase and produce a characteristic frequency dispersion of TI.
The measurements were performed in the magnetic field range between H = 21.4 kG (v, = 2 = 90 MHz 1 and H = 33 G (v, = 0.14 MHz) using a NMR field cycling technique. The sample, which had been polarized in a strong magnetic field H,, is moved with the help of a pneumatic post to a lower field H, where it is allowed to relax for a time t. After that the sample is moved back to the field H,, and the free induction decay signal, following a 900 radiofrequency pulse of frequency wo = yHo, is measured as a function of t and H. The spin-lattice relaxation time TI is then evaluated from
-r --- of the Zeeman proton spin-lattice relaxation time TI is evident in all four investigated smectic phases.
Starting from H = 33 G, TI at first strongly increases with increasing H and then gradually levels off. The levelling off occurs at a field which is much higher than the local dipolar field. The dispersion thus does not represent a transition from the dipolar to the Zeeman relaxation rate [8] , but rather reflects the inherent molecular dynamics of these smectic phases.
The shape of the TI = T,(H) dispersion curves
in the smectic A and smectic C phases is quite different from that obtained in the smectic B,(H) and VII phases. In these last two phases which are intermeThe obtained results TI = T,(H) are shown in diate [7] between the crystalline state and the two figure 1. A significant frequency (w, = yH) dispersion dimensional liquid -like smectic A and smectic C mesophases, the low frequency TI is roughly proportional to the square of the Larmor frequency, TI oc o:, whereas the high frequency T, is nearly frequency independent in the saturation region. Whereas the dispersion in the smectic B,(H) and VII phases may be thus describable as a superposition of two sets of random processes, a fast one (o, T~,~ 4 1) and a slow one (o, T,,~ S 1) representing, for instance, hindered rotations of molecular groups [9] , this is certainly not the case for the smectic A and smectic C phases. Here the low frequency TI is proportional to o b i t h n z + rather than 2, and there is no frequency independent saturation region at high fields as in the smectic B phase. This demonstrates that collective rather thah random processes determine T,-.
As it can bk seen from figure 2, the frequency dispersion of T, in the smectic A phase is in excellent agree---- ment with the nematic order director fluctuation (ODF) (( o L I 2 )) law [I] in the whole range between 21.4 kG and 100 G :
The angular dependence [lo] of T ; at 60 MHz (Fig. 3 ) on an oriented sample as well agrees with the one expected for order director fluctuations [lo] and can be described by : A is the angle between the nematic director No and the magnetic field H, and B z 0.2 s-I. The temperature dependence of the angular dependence moreover shows the constant C in eq. (4) to be nearly temperature independent -as expected for an ODF relaxation mechanism -whereas the B term is thermally activated with an activation energy E, = 0.15 eV. Only below 100 G there is a definite deviation from the (( w: " )) law ( Fig. 2) with TI becoming frequency independent as a, + 0. Whereas the frequency dispersion of T, at high fields in the smectic A phase is practically identical to the one observed in nematic PAA [5] , the low frequency deviation from the (( 0;12 )) law has not been observed [5] in the nematic phase. The similarity of the dispersion in the nematic and the smectic phases is surprising in view of the large differences between these two mezophases and it seemed worthwhile investigating whether smectic fluctuation mechanisms can explain the observed frequency dependence of TI. Whereas in the nematic phase the splay (K,), twist (K,) and bend (K,) elastic 
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constants are all of the same order of magnitude [3] -so that the one elastic constant approximation [I, 41 K1 = K2 = K, = K can be made -K2 and K3 are in the smectic A phase generally [3] much larger than K,. In the simplest model of the smectic A phase, proposed by Oseen [ll] the only allowed deformation is the splay and we can in the nematic elastic free energy density [3] gd, a logarithmic frequency dependence of T1 is obtained [lo, 121
where only the upper cut-off frequency [lo, 131 was taken into account. Both of these models can not explain the observed frequency and angular dependence of TI in the smectic A phase. The cr cot'2 )) law is, however, obtained, if all three terms in expression (5) are retained. Neglecting for sake of simplicity the cutoff frequencies, we find [lo] the spectral density of dipole-dipole interactions modulated by director fluctuations as where the Fh(t) are spherical harmonic functions describing the angular part of the dipolar interactions between a proton pair, and where all other symbols are defined in reference [lo] . If, in addition to the nematic elastic free energy density, the smectic (g,,) and the nematic-smectic interaction terms g, are taken into account 13, 141 Here $, is the equilibrium value of the smectic order parameter, q, = 2 n/d measures the distance d between the smectic layers, the mass tensor M has been replaced by a scalar quantity [14] , and in a part of the integral over the Brillouin zone the isotropic q approximation was used. The frequency dependence of is still given by expression (3) as long [14] as o, 9 6/y. As soon as o, 4 6/y, TI becomes frequency independent [14] and approaches a constant value. Thus not only the cc ~0;'~ >) dispersion law but also the low frequency deviations from it can be in principle explained by nematic director fluctuations in the smectic phase and the coupling between nematic and smectic order. Brochard [14] estimates that the cross-over between the two above cases occurs for AT w, ; r 10" H z ,
i. e. between lo9 and 101° Hz. In the present case, Ti was found to follow the cc miJ2 )) law down to below results showing that the observed dispersion law is lo6 Hz, where it starts to become frequency indepen-characteristic not only for TBBA but may be a general dent. property of the smectic A phase.
Investigations of other smectic A systems -like A more detailed discussion of the dispersion and alkyloxy-benzoic acid-nitro-phenyl ester and certain angular dependence of TI in the low temperature lamellar lyotropic systems [I51 -yielded similar smectic phases will be presented elsewhere.
